The hepatic plasma membrane fatty acidbinding protein (h-FABPpM) [14C]taurocholate. The inhibition of oleate uptake produced by anti-h-FABPpM can be eliminated by preincubation of the antiserum with mGOT; similarly, the plasma membrane immunofluorescence produced by either antiserum can be elimiated by preincubation with the other antigen. These data suggest that h-FABPpM and mGOT are closely related.
Glutamic-oxaloacetic transaminase (GOT; L-aspartate:2-oxoglutarate aminotransferase, EC 2.6.1.1) is a well studied enzyme that plays a major role in amino acid (1) and energy (2) metabolism. Within eukaryotic cells it exists as distinct cytoplasmic (3) and mitochondrial (4, 5) isoenzymes (sGOT and mGOT, respectively) that catalyze essentially the same reactions (6) . Neither isoenzyme has any known role in the cellular uptake of long-chain nonesterified fatty acids. By contrast, hepatic plasma membrane fatty acid-binding protein (h-FABPpM), a plasma membrane protein of -40 kDa that plays an as yet only partially defined role in cellular fatty acid uptake, was described by our laboratory in 1985 (7) . Analogous plasma membrane FABPs were subsequently isolated from the major tissues with high transmembrane fatty acid fluxes (8) , including jejunal mucosa (9) , adipose tissue (10) , and cardiac muscle (11, 12) . These proteins are structurally distinct from and immunologically unrelated to the smaller, cytoplasmic FABPs, designated FABPC (10, 13) , previously isolated from these same tissues (13) .
Here we present data suggesting that h-FABPpM of rat liver is closely related to mGOT. The similarities observed between mGOT and h-FABPpM raise interesting questions in cellular and molecular biology.
MATERIALS AND METHODS
Protein Purification. mGOT was prepared from whole rat liver homogenates (14) . h-FABPpM was isolated from sinusoidally enriched liver plasma membranes (15, 16) . Initially (procedure A), proteins extractable from the membranes with 2 M NaCl were subjected to preparative isoelectric focusing. Fractions with isoelectric points .9.0 were further purified by oleate-agarose affinity chromatography followed by gel permeation HPLC (8) . More recently (procedure B), improved recoveries were obtained with an alternative procedure, in which salt-extracted membrane proteins were separated by HPLC over, sequentially, hydroxyapatite (Bio-Gel HPHT) and hydrophobic-interaction (TSK phenyl 5 PW) columns. Fractions containing h-FABPpM were collected and examined for purity by gel permeation HPLC (Superose 12, 10/30 column, 300 mm x 10.0 mm i.d.), SDS/PAGE, and isoelectric focusing. Details of this isolation procedure will be published elsewhere (D. Stump, B.J.P., and P.D.B.).
Measurement of GOT Activity. Activity of this enzyme was determined with a commercially available kit (Sigma Diagnostics; procedure 58-UV) (17) . When mGOT activity in plasma membranes or liver homogenates was measured, Triton X-100 was used to solubilize the proteins (18 (24) . Antibody inhibition studies were performed with cells preincubated for 1 hr on ice with the appropriate antibody, washed, and resuspended in Hanks' Hepes buffer, pH 7.4, as previously described (24) . Finally, the effect on oleate uptake of preincubating the antibody with antigen was tested by adding 150 ,ug of mGOT to 300 ,ul of anti-h-FABPpM immune rabbit serum at room temperature for 30 min before antiserum was added to the cells. The appropriate control (preimmune serum) and a separate aliquot of the antiserum were incubated at room temperature with an equivalent volume of buffer. In all cases, uptake of ligands was estimated from the slope of the initial, linear portion of their cumulative uptake curves. These techniques afford an accurate measure of initial influx rates for a variety of ligands and in various cell types, including hepatocytes (10, 11, 25, 26) .
Labeling of Cell Surface Proteins in Vitro. Hepatocytes in overnight monolayer cultures were radiolabeled (125I) with lactoperoxidase at 4°C, conditions under which only cell surface components would be expected to be labeled (27) . Specific immunoadsorbents were prepared by mixing 0.75 ml of protein A-Sepharose suspension (containing 2 mg of protein A per ml of swollen gel) with 0. Amino Acid Composition and Sequence. The experimentally determined amino acid composition of highly purified h-FABPpM is similar to that reported previously (14, 28, 29) for rat liver mGOT or deduced from cDNA sequences (30, 31) ( Table 1) . With respect to amino acid sequencing, neither sequencing facility was able to define with certainty the N-terminal amino acids at positions 1 and 2, due to the presence of free amino acids in the submitted samples. However, the 22 subsequent residues were identical to the corresponding amino acids of mGOT (14, 30) .
Electrophoretic and Chromatographic Behavior. Purified mGOT and plasma membrane FABPs from rat liver (8), jejunum (9), adipose tissue (10), and cardiac muscle (8, 11) migrated identically during SDS/PAGE (Fig. 1) , with an estimated molecular mass of 43 kDa. Both mGOT and h-FABPpM were highly basic, and each demonstrated a similar pattern of charge isomers, with an average isoelectric point centered at pH 9.1 (Fig. 1) . The two proteins also demonstrated identical behavior in four distinctly different HPLC columns: hydroxyapatite, reverse phase, hydrophobic interaction, and gel permeation (Fig. 2) .
Enzymatic Activity of 1-FABPpM. The plasma membrane preparation from which h-FABPpM was purified possessed GOT enzymatic activity (mean 2.8 units/mg of membrane protein) that was enriched 3-to 4-fold compared to that of whole rat liver homogenate; conversely, the activity in the same membranes of the conventional mitochondrial marker succinate dehydrogenase was consistently <25% of its value in the homogenate. During chromatographic purification of h-FABPpM by HPLC, a peak of GOT activity was recovered from each of the columns and corresponded in each instance to the elution profile of the h-FABPpM. The specific activity ofthe purified protein, 140-180 units/mg of protein, is similar to reported values for mGOT of 100-230 units/mg (14, 32 Of the monoclonal antibodies evaluated in more detail, three (4A4, 5C1, and 8C1) gave positive plasma membrane immunofluorescence when freshly isolated hepatocytes were used as targets. Each of these three monoclonal antibodies identified both h-FABPpM and mGOT in Western blots (Fig. 3) .
Immunofluorescence Studies. Both rabbit anti-h-FABPpM and anti-mGOT produced marked, specific plasma membrane immunofluorescence in slices offreshly frozen rat liver (Fig. 4) , which was lacking in similar studies performed with the preimmune sera. The presence of anti-mGOT bound to (Right) . Both antisera noncompetitively inhibited oleate uptake but had no effect on the uptake of the other two organic anions studied. Compared to the control study of specific oleate uptake [Vmax = 100 ± 6 pmol/min per 50,000 cells (mean + SD, n = 3), Km = 100 ± 16 nM], anti-h-FABPpM and anti-mGOT reduced Vm to 66 ± 5 (P < 0.002) and 69 ± 5 (P < 0.005), respectively. Corresponding Km values were 125 ± 12 and 113 ± 12 (P not significant). BSA, bovine serum albumin.
plasma membranes and of anti-h-FABPpM bound to mitochondria was confirmed by immuno electron microscopy using a colloidal gold-conjugated second antibody. The plasma membrane immunofluorescence produced with antimGOT could be eliminated by preincubation ofthe antiserum for 30 min at room temperature with purified h-FABPpM.
Similarly, the plasma membrane immunofluorescence produced with anti h-FABPpM was eliminated when the antiserum had been absorbed with mGOT (data not shown). (40, 41) . mGOT is a well studied example of such a mitochondrial protein (42) (43) (44) (45) (46) (47) (48) (49) (50) , and cDNAs for both the mature rat enzyme (31) and its larger precursor (30, 51) have been cloned. For mGOT to be identical to a plasma membrane protein would pose interesting questions in cell and molecular biology. A close similarity, if not identity, between another plasma membrane protein, organic anion-binding protein, and the , subunit of the mitochondrial F1 ATP synthase has been suggested (52) .
Despite the obvious similarities noted above, mGOT and h-FABPpM may not be identical. One of our monoclonal antibodies, 5C2, reacts strongly on Western blots with hFABPpM, but only weakly and inconsistently with mGOT. In nuclease protection assays with rat liver mRNA, employing as a probe a 252-base-pair fragment at the 5' end of an authentic mGOT cDNA (the cDNA clone was kindly provided by J. R. Mattingly; ref. 30) , two bands are seen: one corresponding to the intact probe and one of =125 base pairs. This suggests that, in addition to an mGOT mRNA, rat liver contains an mRNA that is identical over a region sufficient to code for c40 amino acids but then contains a mismatch of thus far undetermined extent. Finally, immunoscreening of rat liver cDNA libraries has identified, in addition to cDNA clones for mGOT, a crossreacting pUC8 clone, designated pm-1. The -800-base-pair pm-1 cDNA insert includes a poly(A) region and thus represents the 3' end of the 2.4-kilobase mRNA in rat liver to which it hybridizes on Northern blots. Although this is the same size as mGOT mRNA, the restriction maps of pm-1 and mGOT cDNA differ. Because pm-1 encodes for the C-terminal end of a protein and amino acid sequence data for h-FABPpM are thus far available only for an N-terminal region, their relationship remains to be established.
At the present time, available data indicate that h-FABPpM and mGOT are strikingly similar. Clarification of the basis for these similarities will require further studies at both the protein and the nucleic acid level.
